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The aplicatioa of a cartographic grid rietwork of coordiO.ates for the

solution of certaina geophysicaI problIcns associated with the plotting of

fields for rneteo--ological -md !.ydrological magnrtud-es in Polar areas is

discusxcd, and !- method is illustrated w-ith co:-responi-ng charts and

tables cf the transfcrrned coordfrnate syste-n.
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D. A. Drogaitsev

The Cross System of Coordinates for tha Arctic

The solution of ccrtain geophysical problems is associated with the plotting

of fields for meteo:oleical aund hydrological magnitudes and with the

computat-on of their derivatives. In ihe lower and temperate latitudes the

operations can be readily carried out by using the trapeziums of grid network

known as squares whose planes and area can be easily determined by any of

the degree intervals shown in cartographic tables. Regrett.%I~)the regular

grid network does not serve the purpose for pclar areas. Because of the

pronounced convergence of meridians, it is not possible to find even approxi-

mately equidimentional trapezoids in the regular grade-ated grid. In order to

avoid difficulties, some authors divide the surface of the Arctic Ocean as pre-

sented on stereographic projection maps by straight lines into squares, the

increase resulting at various latitudes with respect to the area near the North

Pole can be computed by formulas relating the change of scale with latitude,

in comparison to the scale in the area near North Pole: for the straight

lines -0 =sec (45 -2 )

but for the squares fl=sec 4 5:

Thus, for instance, if in the area of the North Pole the side of a square is-

100 KM long, in other latitudes the side and area of the square would assume

the followina values:
TABLE I

Latitude in degrees 90 80 70 60 50

The length of square side in KM 100 100,763 103.110 107.180 113.245

"TVli area of square in KM 10,000 10,153. 2 10,631. 7 11,487.6 12,823.7
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It follows from Table I that within parallel SO, or even 700, the numerical

differentiation of field elententa in Lhe systern of plane squares can be regarded

as admissible, but beyond the confines of iarallel 70 the neglec- of the earth's

curvature leads to considerable distertions. Therefore-. when beyond the

confines of latitude 700. which becomes necessary for instance when /347

analyzing one cr another group of fields in the Arctic Ocean and its marginal

seas, the system of squares in a plane, tangenital to the point of the North

Pole (or secant along any parallel) cannot be accepted.

It appears that a seldom used, but well known in cartography, transverse

system of coordinates wce{ serves the objectives indicated above. The system

is plotted on the basis of an imagined turn of the globe by 90° within the

usual g•aduated network, around an axis that is perpendicular to its rotational

axis; as a result of this, the earth's poles will be displaced to the (new) equator,

but the equater will lie along a pair of meridians 1800 distant from each other;

passing through both of the earth's (new) poles. It is obvious that th'i trans-

format'on from the usual system of coordinates to the transverse system is

admissible only in those cases, to which otir problem belongs, where the com-

pression of the earth's globe can be ignored. In order to find the respective

formula for the transformation from the normal system of coordinates to the

transverse system, let us examine the problem in the general form as it is

solved in cartography. Assume that the globe has been arbitrarily displaced

in the grad-uated network so that its North Pole has been displaced from point

P to point P' in a latitude and longitude (Fig. 1). Assume thc arbitrary

point, M, on the surface of the NM.rthern Heiisphere would normnally Lie. in
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latitude and longitude . Now .we-haveto deteimine the:'coordinatbs-.

for point KM ir the new,"i. e., in the transverse, system of coordinates. For

the sake of s: 't, let us count longitude as it is accepted: from 0 to

3600, from the west to the east.

FIGUR.' 1. Transformation into the new system of coordinates.

As can be seen from Figure 1, in the new copordinate system, the azimuth of

point M is a, its zenith distance Z which is connected with the new coordinates

in this manner:

=90°-2 and A 90 0 -a. 1)

Let us examine the spherical triangle, PP'M formed by the meridians (in the

normai system) of po'nts P' and M and by the zenith distance Z. Applying the

formulas oL spherical trigonometry to this triangle- -namely, the formula

concerning sine product and the cosine of the adjacent angle, as well as the

theorem of sines, we obtain.

co~sz= sin P.sine +c os fo O..cS'5 - O<

Sin z Si -os a -S ~Cr -- COSriS/4i§-o2 2

In order to obtain a more convenient grid for the polar region, let us place /348

tho North Pole of the transverse system of coordinates at the point where the

equator is crossed by meridian Z700. Intro,:ucny the coordinates of the Ncrth

Pole into formulas (2) and dividing the third equation by the second, we obtain

cosZ= -"COS 10, /4D•

o ho )(3)

from which, rcalnfos mula (L, t.olws4h

si4 f -r2sec
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if the -datum meridian of the trans.verse systern is represented by the arc of

the equator extending from A =Z70° eastward to 2 =90

Gn the basis of formulas (3) and (4) it is possible to determine from the

geographical coordl.-ates of a point its latitude and longitude in the transverse

system of coordinates.

In cartography, however, the pole of the transverse system of coordinaces is

usually placed at point P=0, 2= =0. Introducing the pole coordinates into

(Z), one obtains not (3), but
. cosz= CosF P Cos2

tga = ctg 1 sins (5)

On the basils of formulas (5) special tables have been computed: They are

found in the cartographic tAbles of the Hydrographic Administration VMS

(1949) and in the book of Prof. M. D. Solovev (1946), for intervaLs of 5° of

both arguments, but (for intervals of 10) they are found in the Transactions

of the Central Research Institute for aerial photography and Cartography (1945).

The plotting of the graduated grid of the transverse system of coordinates on the
map in stereographiic projection usually utilized in meterology and oceanology,

appears to be very simple. If the center of map (North Pole) is regarded to

be the beginning of coordinates and if the axis X is dir.cted along the geographic

meridian 1800 (in the transverse system, of course, along the equator east-

ward), but axis Y along the geographic meridian Z70 0 (to the north in the

transverse system), the meridians of the transverse system of coordinatc.s
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will foi n seni-icircles of radius R (1+sin cosec , whose

center ir located at a poirt of coordinates X=-R (1+sinr ) ctg A and

Y=O. Here and in analogous formulas below, designates the latitude of

the main scale )f map on which the graduated grid is plotted. In case the

tangent to the pole, and not a secant plane, appears to be the pictorial plane,

i+sinJl =2. The minus mark of the coordinate of center of circle- on X axis

designates that the meridians intersecting the positive half of axis X appear

to be the arcs of circles whose centers lie on the negative half of axis X, and

vice versa.

,i4/
The arcs of circles having radius R (1+sinc CC , whose centers

lie at points of coordinates X=0 and Y=R(1+sin ) cosec.2  appear to be the

parallels in a" graduated grid transverse system. In the formulas, R. is the

radius of earth's globe in the main scale of chart, but R(l+sinr, ) is the

distance in millimeters on map from the pole to equator, also in the. main

scale of map.

Figure 2 shows the map of the Arctic Ocean in the transverse system of
/349

coordinates with parallets and meridians drawn at each 5°. They form a

regular system of trapeziums not much differ-ent from squares whose arcas

and the length of sides are found ir, cartographic tables (1). The geographic

coordinates of the centers'of squares and apexes of their angles can be easily

d&errnined on the basis of equations (4), solving them with respect to 1and

The computations are ,s follows:

C C3 S(6)
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FIGURE 2. The Map of the Arctic Ocean in the Transverse System of Coordinatos

On the basis of formula (6) tables 2 and 3,. having angular Intervals of Z. 5° for

both of the arguments, have been computed. The following tables give the geo-

graphical latitudes and longitudes of the centers and apexes of the angles of

the trapeziums (squares) of the transverse systom of coordinates which belong

to the second quadrant of a trigonometric circle at whose center lies the North

Pole. The Roman numbers in Figure 2 indicate the numbers of the quadrants. /350

TABLE 2
The geographical latitude, t~of a point with the coordinates of the transverse

I
.sys~r t std be ow. Longitude ..

Lat. ---lLongi8ud.o lod
300 60 62 .5 650 6-P. 5  700 720.5 750 77o5 800 1.2J5 0 la

300 . 6%b C•"K3]N'5-3  - 5 4u28 , j 0-4ý, 5;6461 7, -441 580321 .59°, c3-I 5-90541 £00001
111.5 5001, 54053,1530301 55°02, 560281 570471 5 8 %58 i 60000- 60052 610314 620051 620241 6 30'

Z50 54043- 53°30'55[4'I 560521 582.3' 590491 61`06,620141 63012- 63058°64 0 3z' 64053- 65000'
22o5 530099 55°0'Z 56%Z'[ 5836' '00°5' 16147' 630111 64025' 650Z91 660Z1, 6059' 67022° 67030 I
20 54028' 50028 583 &60°0t5' 52°001 ý3040 65011, 56°331 !7O441 ."80°ý C°;25I 6q0 4' 70o000o

170.5 5_41 57047- ,-49 ,610471 63040 S5027- 67006- 6e037,1¼955 71001, ./10491 /2, 72030o

150 56°469 580 56' 61006, 6301 '5011' 57006, 68°55' 7CP34' 720021 7A61 7401A - 740481 75°000
12° 5 57044,160000 62014','640Z5'o6 033' A3°37' 70341 7ZO24174003; 750271 760331 77015, 77030,
100 58 03 6CP52z 1630Z 1 65c29 67044, 9 551 72°02' 74003, 7ý0541 770311 78°50' 79042' 80 000

705 591,10: 610349 63 5' 660219 6 8C42 • 7L1000 73096' 75°Z71 77031, 790214 81000, 82006 8Z0301
9 0 00 0 0 0 0 0 0

5 59 38 6Z 05 64 321 S6 59 b9 25 71 49 74A21 76°33' 78050 81 00' 8Z°56' 84 Z4' 85 00'

20o 5 59054, 62°24 64°53'f 6-022 690511 7220 74048 7701517942' 82906' 840°5I 860Z8, 87°30'
0o 60°00 62030j 6500 67030, 7o°OO T2°30 7500 7-P530' 80000 82 030 85000, 87030, 900o00,

__________________________ ________ ________________ 1.j
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On the b-_s o- -7 s-Iteri=al triart-le, P?'M shown in Figure 1, it is alsE,

easy to fizvi tNc correl.tio- beL:'en theazi•tbk at Point M in a geographic

svstem-n o0 cc--einates a and in a transvei e-e system a' . It is expressed

by the .'-otk.ow-ing forrnL.•a:

Si:-(3, -a)- ros(7)

By using formula (7) the magr=itude a'-a=p (Table 4) has been computed for

th. seco:n.d ou-aran..

In order to deternmine the corresponding values for the fourth and first quad-

--.ants from Tables 2, 3, and 4, vahues for 180o-/1) should be entered into

its colu.rn's, but for the thid and foarth quadrants, the value of minus

sho:zld be en-fled i-.to •ts lines.

On the basis of trigonometric correlations of the coordinates and o.u-mths, the

points for the third, fourth, and the first quadrants in conrection with the

magr.t des -or the second quadrant are determined by thie formulas listed in

Table 5.
TABLE 5

Qarters II INi IV I
Latitade I-p.

I i t f Ic t I
Longit-cde A,1  ll o i ,z, 32.-I/SkI____. I cr:cz-i. -:0•,-'i°'

In conclusion, I express my gratitude to the younger scientific collaborator,

Iu. A. Shishko'., for the computation of the tables and dhe laboratory research

MZaO., V. D. Burrnistrova, for plotting the graduated grid in the trzansvecse

4syse o' coordinattes.
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